Conclusion

Contetual recognitionandaction,bothexternalandinternal,areessentiafor afunc-
tional model of naturallanguage.For their realization,the fields of robotics and
databasesemanticswill needto work togethermuch more closelythanis currently
thecase.

Therebythe benefitprovided by roboticsto databasesemantics- permitting ver
ification in terms of ever more powerful SLiMm machines- is equalto the benefit
provided by databasesemanticgo robotics:the storageof propositionalcontentin a
word bankin combinationwith inferencesanprovide thelong overduereductionin
searchspacerequiredby artificial vision andspeectrecognition.

For the constructiorof a SLim machine thefollowing criteriahave evolved:

DESIDERATA OF COMPUTATIONAL LINGUISTICS RESEARCH

1. No simulating simulation
Theconstructiormustbebasecdn arobotwhich functionsin therealworld. This
is in contrastto modelingboth the cognitive agentand its environmenton the
computerscreenpr definingbothlanguageandthe ‘world’ in alogical model.

2. Separating the levels of language and context
Theinternalstructureof the robot mustdistinguishbetweerthe level of context
andthe level of language.The contet is a databaseomprisingthe automatic
representatioof theexternalervironmentmemorief earlierstatesandactions,
plansanddesiresaswell asinformationtransmittecby meansof language.

3. Requirement of procedural realization
The constructionof the robot mustbe basedon a declaratie descriptionshavn
to be suitablefor a proceduralrealization.This is in contrastto, for example,a
metalanguagdefinitionof infinite setsof possibleworlds.

4. Real time requirement
The component®f syntax,semanticsetc. usedin the constructiormusthave an
algebraicdefinition on the basisof which they are shavn to be of suficiently
low mathematicacomplexity. This is in contrastto generatre grammarswith
exponential,undecidablepr unknavn complexity.

5. Input-output equivalence requirement
A realistic model of naturallanguagecommunicatiorrequiresthat the robot be
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input-outputequivalentwith the naturalspealkr-hearerlt follows thattherobot's
algorithmsfor analysisandinterpretatiormustbetime-linear

6. Sgn-theoretic realization of reference
The constructionof the robot requiresa theory of signsfor explaining how the
different sign typesof naturallanguagerelateto the contet of interpretation.
Thereby the differentmechanismef referencenustbe reconstructedh a func-
tional mannersuitablefor the computer

7. Separating motor algorithms and propositional content
Readinglanguage-and contet-basedrecognitioninto, and action out of, the
robot'sinternaldatabaseequiresadistinctionbetweerthemotoralgorithmspow-
eringthe operationsandthe propositionakcontenttransmittecoy them.

8. Complete treatment of basic cognitive states
The constructionof the robot mustmodelthe relation betweenlanguage-based
and contet-basedrecognitionandaction. This requiresthat the informationre-
ceived in the hearermodecanbe verbalizedin the speakr modeor realizedas
non-\verbal action. Furthermorethe systemmustbe ableto describenon-werbal
recognitionin languageaswell asmemoriessensationgplans,etc.

With thesecriteriain mind, thedifferent—andoftenimplicit —assumptiongjoals,and
methodsof amultitudeof previousapproachewereclassifiedandtheir suitability for
modelingthe mechanisnof naturallanguagecommunicatiorwasevaluated.

For atransparenpresentationvith a historicalperspectie, our descriptiorhascon-
centratedon the motivation and basicassumptionsf the original approachesather
than belatedattemptsto repairtheir inherentdefects.This broadly-basednvestiga-
tion concludedhata solid solution,i.e., a coherenfunctionaltheoryof naturallan-
guagecommunicationhasso far beenlacking. As a consequencanore and more
researcherfave concentratedheir efforts on smartsolutions(cf. Section2.3) such
asfinite statetechnologyand statistics,which try to get by without a theoryof how
naturallanguagecommunicatioractuallyworks.

The insuficienciesof todays naturallanguageechnologiesn speectrecognition,
indexing andretrieval, contentanalysismachinetranslationdialog systemsetc.,are
notorious however. To overcometheir frustratinglimitations,the modelingof natural
languagecommunicatiormustbe approachediirectly.

The SLim theoryof languageresentsa systematicsolutionwhich requiredseveral
innovations.Someadaptinsightsfrom the past.Oneexampleis thetime-linearstruc-
ture of languageinterpretation,conceptualizationand production— in accordance
with de Saussure'secondlaw. Another exampleis the theory of signs— strangely
absenin natiist linguistics,model-theoreticemanticsandspeech-adheory

Othernecessarinnovationsweredevelopedirom scratch Examplesarethemethod-
ological principle of surface compositionality the functional principle of internal
matching,andthe definition of LA-grammaras an efficient time-linearalgorithm—
providing thefirst, andsofar theonly, alternatve to the Chomsky hierarchy



